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ABSTRACT

The objective of this study was to develop a scoring system (NutriGrade) to evaluate the quality of evidence of randomized controlled trial (RCT) and

cohort study meta-analyses in nutrition research, building upon previous tools and expert recommendations. NutriGrade aims to assess the meta-evidence

of an association or effect between different nutrition factors and outcomes, taking into account nutrition research–specific requirements not considered by

other tools. In a pretest study, 6 randomly selected meta-analyses investigating diet–disease relations were evaluated with NutriGrade by 5 independent

raters. After revision, NutriGrade was applied by the same raters to 30 randomly selected meta-analyses in the same thematic area. The

reliability of ratings of NutriGrade items was calculated with the use of a multirater k, and reliability of the total (summed scores) was

calculated with the use of intraclass correlation coefficients (ICCs). The following categories for meta-evidence evaluation were established: high (8–10),

moderate (6–7.99), low (4–5.99), and very low (0–3.99). The NutriGrade scoring system (maximum of 10 points) comprises the following items: 1)

risk of bias, study quality, and study limitations, 2) precision, 3) heterogeneity, 4) directness, 5) publication bias, 6) funding bias, 7) study design, 8)

effect size, and 9) dose-response. The NutriGrade score varied between 2.9 (very lowmeta-evidence) and 8.8 (highmeta-evidence) for meta-analyses

of RCTs, and it ranged between 3.1 and 8.8 for meta-analyses of cohort studies. The k value of the ratings for each scoring item varied from 0.32 (95%

CI: 0.22, 0.42) for risk of bias for cohort studies and 0.95 (95% CI: 0.91, 0.99) for study design, with a mean k of 0.66 (95% CI: 0.53, 0.79). The ICC of the

total score was 0.81 (95% CI: 0.69, 0.90). The NutriGrade scoring system showed good agreement and reliability. The initial findings regarding

the performance of this newly established scoring system need further evaluation in independent analyses. Adv Nutr 2016;7:994–1004.
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Introduction
Evidence-based dietary recommendations should be based on
the completeness of the available evidence (1). Systematic re-
views and meta-analyses represent the most valuable, reliable,
and objective tool to summarize the evidence for a specific

research question in nutrition research (2, 3). However,
many meta-analyses have not evaluated the quality of the ev-
idence, decreasing our confidence in the observed effect.
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Recently, the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE)13 working group (4)
developed a common and transparent approach for grading
the quality of evidence and strength of recommendations based
on systematic reviews, which was primarily developed for clin-
ical guidelines (5, 6). The GRADE approach is now also being
applied increasingly in nutrition research. In the field of nutrit-
ion research, several limitations arise when applying the
GRADE criteria that should be considered, because sys-
tematic reviews of randomized controlled trials (RCTs)
of nutrition interventions have inherent methodologic
constraints. For example, RCTs of dietary interventions
cannot be controlled with true placebos, but rather with cer-
tain constraints on nutrient compositions, food groups, or
dietary patterns. Other limitations include lack of double

blinding, poor compliance and adherence, crossover bias,
and high dropout rates. Thus, in the field of nutritional
epidemiology, in which RCTs are constrained, well-
designed prospective cohort studies can provide impor-
tant evidence (7).

The GRADE recommendation classifies systematic re-
views of RCTs with an initial score of high and classifies
systematic reviews of cohort studies with a score of low
(8). To complement this methodologic gap, improved
measures and tools that also take into account nutrition
research–specific requirements (e.g., dietary assessment
methods and their validation or funding bias) for assess-
ing the meta-evidence (defined as the quality of evidence
of meta-analyses: confidence in the estimate) need to be
developed.

FIGURE 1 Procedure to investigate risk of bias, study quality, and study limitations of meta-analyses of randomized controlled trials.
*Two-thirds or more of studies judged to be low risk of bias = 0.5 points; over one-third of studies judged to be high risk of bias = 0
points; unclear risk of bias = 0.25 points; not assessed = 0 points. max., maximum.

NutriGrade scoring system 995

Downloaded from https://academic.oup.com/advances/article-abstract/7/6/994/4568670
by guest
on 09 July 2018



The aim of the current methodologic study was to design
an improved grading approach (NutriGrade scoring system)
tailored to nutrition research with the use of empirical data
collected with previously developed tools and expert opinion.

NutriGrade aims to assess the meta-evidence of an as-
sociation or effect between different nutrition factors and
outcomes (e.g., hard clinical end points or surrogate
markers). The newly developed scoring system was ap-
plied to a range of meta-analyses to test its performance
and feasibility. In addition, we aimed to evaluate the per-
formance of NutriGrade with the use of meta-analyses

of diet–disease relations that already have applied the
GRADE criteria.

Background of NutriGrade
The development of NutriGrade was based on a 3-stage ap-
proach: 1) the planning phase, 2) the design and develop-
ment phase, and 3) the validation phase.

As an initial basis, we categorized the single items of
NutriGrade according to the GRADE approach: risk of bias,
inconsistency, indirectness, publication bias, large effect,
dose-response, and plausible confounding (4–6). Thereafter,

FIGURE 2 Procedure to investigate risk of bias, study quality, and study limitations of meta-analysis of cohort studies. max., maximum;
MOOSE, Meta-analysis Of Observational Studies in Epidemiology. max., maximum.
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we added the funding bias item and modified the items for
nutrition research–specific requirements.

The rationale of the single grading system for each Nutri-
Grade item and its detailed content was established after re-
viewing available guidelines on how to report systematic
reviews: the Meta-analysis Of Observational Studies in
Epidemiology checklist (9), the Cochrane Handbook (2),
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines (10, 11), the Preferred Reporting
Items for Systematic review and Meta-Analysis Protocols
guidelines (12), the assessment tool for evaluating themethod-
ological quality of systematic reviews (AMSTAR) (13), and the
risk of bias in systematic reviews tool (14), systematic reviews
on grading scores for observational studies, and RCTs (15, 16).
After profound discussions between the authors, 9 items fi-
nally were selected for the NutriGrade scoring system. In
each of the development stages, the scoring items were refined.

A detailed version with the rationale for the scoring of
each item is available in the Supplemental Appendix.

NutriGrade Scoring System
The NutriGrade scoring system includes 7 items for meta-
analyses of RCTs and 8 items for meta-analyses of cohort
studies as follows: 1) risk of bias, study quality, and study
limitations, 2) precision, 3) heterogeneity, 4) directness, 5)
publication bias, 6) funding bias, 7) study design (only
for meta-analyses of RCTs), 8) effect size, and 9) dose-
response (the latter 2 items for meta-analyses of cohort
studies only; www.nutrigrade.net) (Supplemental Ta-
bles 1 and 2).

Risk of bias, study quality, and study limitations. Regard-
ing RCTs, failure of allocation concealment, blinding, and
follow-up losses are well-established limitations of RCTs
(17, 18). Low-quality RCTs may lead to overestimation of
intervention effect estimates and raise heterogeneity (19).
Ascertainment of exposure, adjustment factors, assessment
of outcome, and adequacy of follow-up are important limi-
tations of cohort studies.

TABLE 1 Risk of bias assessment of cohort studies (0–2 points)1

Subitems

Low risk of bias (two-thirds or more of
included studies) = 0.5 points for each

subitem

High risk of bias (over one-third of in-
cluded studies) = 0 points for each

subitem

Unclear risk of bias =
0.25 points for each

subitem

Ascertainment of exposure E.g., validated, calibrated FFQ or 24-h recall,
diet history, or diet records (multiple days);

E.g., unvalidated FFQ, single 24-h recall,
diet records, or diet history;

Assessed, but unclear2

Diet-associated biomarkers, e.g., 24-h urine Diet associated biomarkers: morning
urine;

Or not assessed
Adjusted basic model and
outcome-relevant
adjustments

Basic model:$2 factors—sex, age, education,
ethnicity; if only one sex included, then
$1 factor;

Basic model: ,2 factors—sex, age, edu-
cation, ethnicity; if only one sex in-
cluded, then #1 factor;

Assessed, but unclear2

Outcome relevant adjustments: $3 factors—
alcohol, energy intake, smoking, physical
activity, BMI, CVD risk factors (blood pres-
sure, dyslipidemia, family history of CVD)

Outcome-relevant adjustments: ,3
factors—alcohol, energy intake, smok-
ing, physical activity, BMI, CVD risk
factors (blood pressure, dyslipidemia,
family history of CVD);

Or not assessed
Assessment of outcome E.g., record linkage (ICD codes), accepted

clinical criteria, independent or blind
assessment

E.g., self-report (not validated); Assessed, but unclear2

Or not assessed

Adequacy of follow-up
duration

E.g., median $10 y for CVD, median $5 y for
T2DM

E.g., median ,10 y for CVD, median ,5 y
for T2DM;

Assessed, but unclear2

Or not assessed
1 CVD, cardiovascular disease; ICD, International Classification of Diseases; T2DM, type 2 diabetes mellitus.
2 E.g., when too few details are available to make a judgment for low or high risk of bias.

TABLE 2 Assessing precision in NutriGrade (0–1 points)

0 points 1 point

Meta-analysis of RCTs1 1) ,400 participants 1) 400–2000 participants, but 95% CI excludes the null
value

2) 400–2000 participants, but 95% CI includes the null
value

2) .2000 participants

Meta-analysis of cohort
studies

1) ,500 events 1) $500 events and the 95% CI excludes the null
value

2)$500 events, but 95% CI includes the null value (i.e., CI
includes RR of 1.0), and 95% CI fails to exclude im-
portant benefit (RR of ,0.8) or harm (RR of .1.2)

2) $500 events, but 95% CI overlaps the null value
(i.e., CI includes RR of 1.0), and 95% CI excludes
important benefit (RR of,0.8) or harm (RR of,1.2)

1 RCT, randomized controlled trial.
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Risk of bias, study quality, and study limitations for
meta-analyses of RCTs (maximum of 3 points). We in-
cluded the risk of bias assessment tool by the Cochrane col-
laboration (20) for the NutriGrade scoring system. The
judgments of the Cochrane risk of bias tool are expressed simply
as low risk, high risk, or unclear risk of bias. We awarded each
of the 6 risk-of-bias subitems (sequence generation, allocation
concealment, blinding of participants and personnel, blinding
of outcome assessment personnel, incomplete outcome, and se-
lective reporting) in a meta-analysis of intervention trials with
0.5 points (if two-thirds or more of the included studies were
judged to be low risk of bias) or with 0 points (if over one-third
of the included studies were at high risk of bias); otherwise (e.g.,
80% of included studies were judged to be unclear risk), we
awarded 0.25 points. Summing up the 6 subitems, each meta-
analysis could be awarded a maximum of 3 points (Figure 1).

Risk of bias, study quality, and study limitations for
meta-analyses of cohort studies (maximum of 2 points).
We defined cutoffs for the identified quality scores (i.e.,
for the Newcastle–Ottawa Scale: $7 = 2 points; 4–6.9 =
1 point; 0–3.9 = 0 points) (Figure 2).

Because 40% of the identified meta-analyses of cohort
studies applied no quality assessment, we developed a risk-
of-bias checklist with 4 subitems (Table 1), awarding a max-
imum of 2 points (maximum of 0.5 points for each subitem).
The risk of bias item should be applied if no quality assess-
ment is reported.

Precision (maximum of 1 point). Statistical precision raises
our confidence in the effect estimate. Precision previously was
evaluated through the number of cases (events), sample size,
and inspection of the 95% CIs. The number of points to be
awarded for this item is given in Table 2.

Heterogeneity (maximum of 1 point). Checking consis-
tency of the results is of major importance in meta-analyses.
Statistical heterogeneity in studies is characterized by 95% CIs
that show poor overlap. Methods to detect heterogeneity in-
clude the chi-square (Cochrane’s Q) test and the I2 statistic,
among others (21, 22). If considerable heterogeneity is ob-
served (I2 $40%), it is recommended that possible reasons
(e.g., differences between studies or data extraction errors)

FIGURE 3 Assessing heterogeneity
in meta-analyses. *Subgroup
analyses: assessing whether effect is
similar across specific groups of
patients or is modified by study and
patient characteristics (i.e., checking
for consistency across subgroups,
checking whether primary results are
statistically significant). **Sensitivity
analysis: repetition of the primary
analysis (i.e., inclusion of some
studies is unclear, because full details
are not available; or exclusion of the
largest study). For multiplier for
number of studies, when authors
treated men and women as separate
studies, these should be treated as
one study.

TABLE 3 Assessment of directness (0–1 points)1

0 points (indirectness) 1 point

1) Differences in population: award 0 points only if there are
important reasons to think that the physiology of the population
of interest does not conform with that of the population tested,
potentially leading to a considerably different effect measure

No important differences in the population or intervention; hard clinical
outcome

2) Differences in intervention: applicable in RCTs; e.g., supervised vs.
nonsupervised exercise; systematic difference in care between
intervention and control group

3) Surrogate markers (e.g., blood lipids, blood pressure)
4) Network meta-analyses of RCTs; only a few available to date in
nutrition research

1 RCT, randomized controlled trial.
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be explored (23, 24). The assessment procedure of heteroge-
neity in meta-analyses is shown in Figure 3.

Directness of evidence (maximum of 1 point). Direct ev-
idence is characterized by similarities between the interven-
tions or exposures of interest and populations of interest,
and also includes outcomes important to the relevant pa-
tients and populations (e.g., stroke in a general population)
(25). The scoring procedure for this item is shown in
Table 3.

Publication bias (maximum of 1 point). Several investiga-
tions have shown that clinical trials with positive findings
more often get published than those with nonsignificant
findings (26, 27). The funnel plot (28), a graphic method,
and a statistical test such as the Egger and Begg’s are com-
monly used to detect publication bias in meta-analyses
(29–31), although their interpretation is prone to errors
(32, 33). Therefore, until now, there has been no gold stan-
dard to detect publication bias (2).

We propose the assessment for publication bias in the
meta-analyses given in Table 4.

Funding bias (maximum of 1 point). Funding bias plays
an important role in nutritional sciences (34, 35). Industry
funding of nutrition-related scientific articles may bias con-
clusions in favor of sponsors’ products, with potentially sub-
stantial implications for public health (36). The steps to
assess funding bias are shown in Table 5.

Study design (for RCTs). The judgment of the quality of
evidence recommended by the GRADE working group, in
which observational studies (no differentiation between dif-
ferent types of observational studies) started with the low
quality of a body of evidence, has several limitations in nu-
trition research (37–39) and should be modified or revised.
According to the Oxford Centre for Evidence-Based Medi-
cine, the level of evidence for RCTs is 1b, whereas cohort

studies are graded as 2b (3). On the basis of these rec-
ommendations, we suggest awarding meta-analyses of
RCTs with 2 points.

Effect size (only for cohort studies; maximum of 2
points). The definition of a meaningful effect, e.g., RR,
HR, or OR, depends on the phenomena being studied. It
is generally assumed that very large effects are less likely
driven by confounding. The GRADE working group stated
that a large effect can be assumed when having observed
an RR of 2–5, or 0.5–0.2 (40). However, such large risk es-
timates often are not seen for nutrition and dietary expo-
sures. The scoring procedure for effect size is given in
Table 6.

Dose-response (for cohort studies; maximum of 1 point).
Any type of dose-response gradient (linear and/or nonlin-
ear) is an important factor for the presence of a causal
relation (41). A dose-response association increases the con-
fidence in the findings of cohort studies and thus enhances
the assigned meta-evidence. The scoring for this item is ex-
plained in Table 7.

Agreement and Reliability
In a first step, 100 meta-analyses (Supplemental Refer-
ences) of prospective studies (observational and interven-
tional) on foods and nutrients in relation to risk of
chronic disease or cardiovascular disease risk factors were
selected for the test. An independent researcher not involved
in the project performed this selection with the use of
electronic databases of meta-analyses (until 30 September
2015).

Five raters (BM, SD, CS, MS-M, and FE) with expertise in
nutrition or epidemiology pretested the pilot version of
NutriGrade. For this exercise, 6 meta-analyses were randomly
selected from 100 meta-analyses. The raters were given guid-
ance with regard to the interpretation of items included in
the NutriGrade scoring system before reviewing the meta-
analyses. GRADE recommends a maximum of 9 outcomes

TABLE 4 Assessment of publication bias (0–1 points)

0 points 0.5 points 1 point

1) ,5 studies1 1) No evidence for publication bias with test or plot
(5–9 studies)1

No evidence for publication bias with test or
plot ($10 studies)

2) Evidence for severe bias
with test or plot

2) Evidence for moderate or small amount of publication
bias with test or plot ($10 studies)1

3) Publication bias not
assessed

1 When authors treated men and women as separate studies, here we count it as one study.

TABLE 5 Assessing funding bias in meta-analyses (0–1 points)

0 points 0.5 points 1 point

Industry funding; Private institutions, foundations, nongovernmental
organizations (affiliation for each author should be
checked)

Academic institutions, research institutions
OR
Conflict of interest (1st, 2nd, or last author;
e.g., member of advisory boards from
the food industry, sale of books)
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to evaluate the quality of evidence, but we used only one
outcome in this study to enable the raters to have a larger
sample of different meta-analyses. Raters based their assess-
ment on the information reported in each selected meta-
analysis and did not seek information from the original
reports of the included studies (RCTs and cohort studies).
Each rater recorded the time spent conducting the assess-
ment for each meta-analysis. From this data, we summarized
the time spent to estimate the likely resource implications
of using NutriGrade. Moreover, 2 authors (CS and FE) were
randomly selected to repeat the exercise after 2 wk to analyze
test–retest and intrarater agreement.

The reliability of ratings of NutriGrade items was calcu-
lated with the use of multirater k values, and the reliability of
the total (summed scores) was calculated with the use of
intraclass correlation coefficients (ICCs). k values were in-
terpreted as suggested by Landis and Koch (42), and ICC
values were interpreted with suggestions from Fleiss (43).
Moreover, we calculated test–retest agreement by randomly
selecting 2 independent raters (CS and FE) to repeat the as-
sessment of 6 papers after a 2-wk interval. For the statistical
analyses we used the statistical software package R with the R
packages “irr” and “ICC” (44).

On the basis of the rating exercise described in the above
pretest, agreement between raters was moderate to high.
However, 3 of 9 items showed only fair agreement (k =
0.21–0.40). To address this issue, we made some modifica-
tions and clarifications for the following items: risk of
bias, study quality, and study limitations, heterogeneity,
and funding bias.

Specifically, we included an additional figure (Figure 3) to
facilitate heterogeneity assessment, we added more details
(e.g., member of advisory boards or sale of books) on how
to evaluate funding bias, and, for the risk of bias item, we
added examples for low risk and high risk of bias studies.

After refining the NutriGrade scoring system, we used a
random sample of 30 meta-analyses from the previously se-
lected 100 meta-analyses while following a methodology sim-
ilar to that reported by Shea et al. (13) for a pilot study. The
included 30 meta-analyses covered a broad range of quality,

albeit with some underrepresentation of high-quality
meta-analyses. The same 5 raters (BM, SD, CS, MS-M, and
FE) applied the new developed scoring system to all 30
meta-analyses.

The performance of NutriGrade improved considerably
after revision of the pilot version. The meta-evidence score
varied between 2.9 (very low meta-evidence) and 8.8 (high
meta-evidence) for meta-analyses of intervention trials,
and it ranged between 3.1 and 8.8 for meta-analyses of co-
hort studies. In eight meta-analyses, the maximum differ-
ence by the 5 raters differed by ;2 points.

The k value of the ratings for each item ranged from 0.32
(95% CI: 0.22, 0.42) for risk of bias for cohort studies to 0.95
(95% CI: 0.91, 0.99) for study design, with a mean k of 0.66
(95% CI: 0.53, 0.79). Moreover, item 5 (publication bias)
scored “moderate” agreement, whereas all other items, with
the exception of item 4 (directness) and item 7 (study design),
scored “substantial” agreement (Table 8). The ICC of the total
score for NutriGrade was 0.81 (95%CI: 0.69, 0.90), suggesting
excellent reliability. A sensitivity analysis that excluded rater 3
showed a significant higher k (0.45) for risk of bias of cohort
studies.

Application of NutriGrade proved to be highly feasible
for raters. The raters needed ;17 min to assess each paper
(range: 7–42 min). Test–retest results performed by 2 raters
showed high agreement (93% and 89%).

Judging the Meta-Evidence with NutriGrade
The present version of the NutriGrade scoring system is
shown in Table 9. On the basis of this scoring system, we
recommend 4 categories (45) to judge the meta-evidence:
high, moderate, low, and very low, taking into account the
following cutoffs: $8 points (high meta-evidence); 6–7.99
points (moderate meta-evidence); 4–5.99 points (low meta-
evidence); and 0–3.99 points (very low meta-evidence)
(Table 10).

Comparison with GRADE
Finally, we compared the GRADE quality of evidence judg-
ment for 10 nutrition-related meta-analyses with the results
of the NutriGrade application (which was performed inde-
pendently by 2 raters) (5, 6, 46–53).

The application of the GRADE criteria to 5 meta-analyses
of RCTs by choosing important or critical outcomes indicated
a moderate quality of evidence for all meta-analyses
tested. In contrast, with the application of NutriGrade,
the meta-analyses scored low (3 meta-analyses) to mod-
erate (2 meta-analyses) (Table 11). Applying the GRADE

TABLE 6 Scoring for effect size based on risk estimates (0–2 points)

0 points 1 point 2 points

No effect (RR or HR: 0.80–1.20) when
comparing the highest vs. lowest category
(e.g., in the mean, the comparison should
be based on quartiles)

Moderate effect size (RR or HR: ,0.80–0.50
and .1.20–2, and corresponding test is
statistically significant) when comparing
the highest vs. lowest category (e.g., in the
mean, the comparison should be based on
quartiles)

Large effect size (RR or HR: ,0.50 and .2.00,
and corresponding test statistically
significant) when comparing the highest
vs. lowest category (e.g., in the mean, the
comparison should be based on quartiles)

TABLE 7 Scoring dose-response analysis (0–1 points)

0 points 1 point

No dose-response analysis or
dose-response analysis with
corresponding statistical test
nonsignificant

Dose-response relation in prospective
cohort studies: linear and/or
nonlinear (corresponding statistical
test significant)
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criteria to meta-analyses of cohort studies resulted in very low-
(2 meta-analyses) and low- (3 meta-analyses) quality evi-
dence judgments. The NutriGrade application, on the
other hand, indicated low (4 meta-analyses) and moderate
(1 meta-analysis) meta-evidence for the same studies.

Discussion
A scoring system for meta-evidence in nutrition research was
developed to address specific requirements and increasing
needs to summarize the overwhelming amount of meta-
analyses. This scoring system based on NutriGrade showed
fair to substantial agreement for the different items and ex-
cellent agreement for the sum scores assigned to meta-
analyses in nutrition research. In addition to having these
appealing attributes, the implementation of NutriGrade
was assessed to be feasible, with a mean of 17 min of review
needed for each meta-analysis.

A special feature of NutriGrade is the inclusion of specific
nutrition-relevant requirements, such as dietary assessment
methods and their validation, calibration of FFQs, or the assess-
ment of diet-associated biomarkers. Moreover, NutriGrade
takes into account the limitation of blinding of participants
and personnel in dietary intervention trials. Another impor-
tant item that has been discussed as a limitation in previous
assessment tools was not accounting for conflict of inter-
est (54). As previous studies have shown, funding bias is of

particular importance in nutrition research, with potential
substantial public health consequences (36). In addition,
the effect size item for evaluating meta-analyses of cohort
studies has been adapted to more realistic cutoffs.

The most important benefit of NutriGrade, which, to our
knowledge, is novel, is the modified classification for meta-
analyses of RCTs and cohort studies compared with GRADE
(which classifies systematic reviews of RCTs with an initial
score of high, and systematic reviews of cohort studies with
low). There has been a long debate regarding the best evi-
dence in nutrition research, and whether it emerges from in-
tervention trials in which the effects of a dietary change on
disease, surrogate markers, or recognized risk markers are
evaluated (55, 56). However, most dietary intervention trials
are of short duration without targeting clinical outcomes such
as morbidity or mortality. RCTs, if well-designed and
-conducted, give robust answers to the research questions
they address, but these do not include the investigations of
long-term lifestyle behaviors on hard outcomes; conversely,
observational data provide less-robust information regard-
ing causality but usually address the question of directness
of the study results. However, it is counterproductive to ar-
gue that, in general, one study design is superior to an-
other (57). Based on the continuous scoring system of
NutriGrade, we could show that meta-analyses previously
evaluated with the GRADE tool reached a similar grading
for meta-analyses of RCTs, but not for cohort studies. The as-
sessment of publication bias and heterogeneity by taking into
account the number of studies in NutriGrade might also help
to adequately judge a meta-analysis based on cohort studies.

GRADE has been criticized recently for not providing
sufficient guidance to make reliable and consistent judg-
ments (58), e.g., low reliability for scoring quality of evidence
domains (59). NutriGrade is based on clear guidance, with
an assessment similar to a checklist. The main items, such
as risk of bias, heterogeneity (inconsistency), precision, and di-
rectness, benefit by the stringent scoring system of NutriGrade,
which showed better reliability than did GRADE in our
study.

NutriGrade could be applied by authors of meta-analyses,
who aim to summarize the meta-evidence for different
outcomes. First, each chosen outcome would be assessed
by the single items of NutriGrade. Second, the sum score
of NutriGrade would be translated into meta-evidence

TABLE 8 Assessment of multirater agreement for NutriGrade1

Item (95% CI)

1) Risk of bias, study quality,
and study limitations

RCTs
Risk of bias: 0.70 (0.65, 0.75)
Quality score: 0.67 (0.36, 0.98)

Cohort studies
Risk of bias: 0.32 (0.22, 0.42)
Quality score: 0.67 (0.46, 0.88)

2) Precision 0.63 (0.52, 0.75)
3) Heterogeneity 0.64 (0.60, 0.68)
4) Directness 0.84 (0.72, 0.95)
5) Publication bias 0.50 (0.42, 0.59)
6) Funding bias 0.64 (0.54, 0.74)
7) Study design (only RCTs) 0.96 (0.91, 0.99)
8) Effect size (only cohort
studies)

0.66 (0.50, 0.82)

9) Dose-response (only cohort
studies)

0.76 (0.60, 0.92)

1 RCT, randomized controlled trial.

TABLE 9 Summary of Nutrigrade items

Item RCTs1 (maximum of 10 points)
Cohort studies (maximum

of 10 points)

1) Risk of bias, study quality, and study limitations 0–3 points 0–2 points
2) Precision 0–1 point 0–1 point
3) Heterogeneity 0–1 point 0–1 point
4) Directness 0–1 point 0–1 point
5) Publication bias 0–1 point 0–1 point
6) Funding bias 0–1 point 0–1 point
7) Study design +2 points —
8) Effect size — 0–2 points
9) Dose-response — 0–1 point
1 RCT, randomized controlled trial.
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classes according to predefined cutoffs (very low, low, mod-
erate, and high). A new research area in which NutriGrade
could have a potential impact is the field of umbrella reviews
(systematic reviews of systematic reviews and meta-analyses)
and meta-epidemiologic studies. With NutriGrade, the over-
whelming amount ofmeta-analyses for specific research ques-
tions could be summarized and allow for assessment of the
overall meta-evidence, because meta-analyses on the same
topic sometimes reveal different results (60, 61). A recent um-
brella review summarizing the association between foods and
nutrients and the risk of coronary heart disease, stroke, and
type 2 diabetes included 93 meta-analyses (62). However,
without applying the NutriGrade scoring system for each of
these meta-analyses, the meta-evidence (the confidence in

each estimate) for the associations between dietary exposure
and outcome remains uncertain.

Although NutriGrade has been developed for nutrition
research, it can be applied also to other lifestyle-related fields,
such as physical activity, in which cohort studies add impor-
tant evidence. In this case, authors should consider the valid-
ity of physical activity measurements.

The NutriGrade scoring system did not take into account
the methodologic quality of systematic reviews. To assess the
methodologic quality of systematic reviews andmeta-analyses,
a well-established tool (AMSTAR) already exists (13).
Pollock et al. (58) recently developed an algorithm to assign
GRADE levels of evidence that combines the assessment of
methodologic quality of a systematic review with 3 items to

TABLE 10 Grading scoring system meta-evidence

NutriGrade score Meta-evidence Explanation

$8 points High There is high confidence in the effect estimate, and further research
probably will not change the confidence in the effect estimate.

6–7.99 points Moderate There is moderate confidence in the effect estimate; further research
could add evidence on the confidence and may change the effect
estimate.

4–5.99 points Low There is low confidence in the effect estimate; further research will
provide important evidence on the confidence and likely change
the effect estimate.

0–3.99 points Very low There is very low confidence in the effect estimate; meta-evidence is
very limited and uncertain.

TABLE 11 Comparing GRADE quality of evidence with meta-evidence judgment based on the NutriGrade1

Comparison outcome reference Study design GRADE quality of evidence NutriGrade Meta-evidence judgment

Low saturated fat compared with usual diet MA of RCTs Moderate 7.3 Moderate
Outcome: all-cause mortality
(6)

Paleolithic diet MA of RCTs Moderate 5.75 Low
Outcome: waist circumference
(46)

High- vs. low-protein diet MA of RCTs Moderate 4.05 Low
Outcome: weight loss
(47)

High- vs. low-fat diet MA of RCTs Moderate 6.8 Moderate
Outcome: TGs
(48)

Low-carbohydrate vs. balanced diet MA of RCTs Moderate 5.35 Low
Diastolic blood pressure
(49)

High- vs. low-saturated fat MA of cohort studies Very low 4.5 Low
Outcome: all-cause mortality
(5)

High vs. low coffee intake MA of cohort studies Low 7.3 Moderate
Outcome: endometrial cancer
(50)

High vs. low sodium intake MA of cohort studies Very low 5.55 Low
Outcome: stroke
(51)

High vs. low intake of sugar-sweetened
beverages in children

MA of cohort studies Low 4.5 Low

Outcome: adiposity
(52)

High vs. low potassium intake MA of cohort studies Low 5.9 Low
Outcome: stroke
(53)

1 GRADE, Grading of Recommendations Assessment, Development and Evaluation; MA, meta-analysis; RCT, randomized controlled trial.
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grade the quality of evidence (risk of bias of trials, heteroge-
neity, and number of participants). However, this approach
has been criticized by members of the GRADEworking group
as problematic and misleading (and should not be part of the
GRADE scoring system as an additional factor that influences
the quality of the body of evidence). These authors suggested
that systematic reviews of low quality should be excluded
from umbrella reviews (63). The Dietary Guidelines for Amer-
icans 2015 included only systematic reviews andmeta-analyses
of a methodologic quality score of $8 (out of 11, according
to AMSTAR) in its recent report (64). However, it could be
shown that the methodologic quality of systematic reviews
investigating the effect of a Mediterranean diet on cardiovas-
cular disease did not fully meet the standards (65). Therefore,
when applying the NutriGrade scoring system, we recommend
assessing the methodologic quality of meta-analyses by also
applying the AMSTAR tool.

Studies testing the reliability of the risk of bias assessment
tool by the Cochrane collaboration and Newcastle–Ottawa
Scale showed that more detailed guidance would be useful,
because the agreement between rates was low (66–68). More-
over, Stang (69) commented that the Newcastle–Ottawa Scale
includes quality items that are not valid (e.g., the “represen-
tativeness of the exposed cohort” item), and concluded that this
score appeared to be unacceptable for the quality ranking of
case–control and cohort studies in meta-analyses. Therefore,
we recommend that our risk of bias assessment tool be applied
to ongoing meta-analyses of cohort studies.

A meta-analysis provides important insights for the judg-
ment of the strength of association and the dose-response for
the relation of a nutrition factor and an outcome. The identi-
fied strength of association commonly termed as effect size and
the dose-response alone are not sufficient for causal claims
(70). However, a meta-analysis provides a basis to figure out
different sources of confounding and bias from inclusion of
different studies with different study characteristics, thereby
providing useful information for further causal research.

Conclusion
So far, NutriGrade has shown good agreement between
raters and convincing reliability. The reported findings re-
garding the performance of the scoring system need further
confirmation by a broader range of applications with more
reviews evaluated with NutriGrade.
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